












In	 this	 paper,	we	 compare	 two	 cases	 of	 collaboration	within	healthcare	 in	 two	European	 countries,	
France	and	Denmark	respectively.	In	each	of	these	two	cases,	we	conducted	a	design	case	study,	and	we	
found	 that	 collaboration	 is	 ad	hoc,	 temporary,	 and	 shifting	with	 regards	 to	 collaborators,	 aims,	 and	
processes.	We	argue	for	the	relevance	of	knotworking	and	its	analytic	potential	 for	investigating	the	
kind	of	collaborative	work	we	observed.	We	also	argue	that	our	two	cases	present	a	higher	complexity	
level	 than	 how	 knotworking	 has	 previously	 been	 described	 in	 the	 literature.	We	 describe	 complex	
knotworking	as	having	three	characteristics:	1)	collaboration	happens	between	a	dynamic	number	of	
actors	(who	are	usually	loosely	connected),	2)	collaboration	happens	in	episodes,	and	3)	cooperative	
work	 arrangements	 are	 constantly	 negotiated.	 Using	 the	 concept	 of	 complex	 knotworking	 for	 a	
comparative	analysis	of	our	two	design	solutions,	we	outline	generic	design	guidelines	for	developing	
computer	support	to	manage	complex	knotworking	situations.	












disconnected	 domains	 of	 primary	 care	 (general	 practitioner,	 homecare,	 etc.)	 and	 secondary	 care	


































Engeström	 and	 colleagues	 [24].	 We	 propose	 that	 the	 concept	 of	 knotworking	 is	 fruitful	 for	
understanding	and	analyzing	this	kind	of	collaborative	work,	which	cannot	rely	on	established	work	
arrangements	 and	 routines	 to	 the	 same	 degree	 as	 with	 stable	 organizations	 such	 as	 hospitals,	








cases,	 which	 allows	 us	 to	 characterize	 complex	 knotworking	 and	 propose	 design	 guidelines	 for	
computer-supporting	knotworking,	which	we	discuss	before	ending	with	a	conclusion.	
2. RELATED WORK AND THEORY 
In	 this	 section,	we	 first	present	 an	outline	of	 the	evolution	of	work	practices	 in	healthcare	 towards	
integrated	 care	 and	 multidisciplinary	 teams,	 and	 then	 focus	 on	 the	 concept	 of	 knotworking,	 as	 a	
promising	concept	to	describe	the	new	form	of	collaborative	work.	Finally,	we	look	at	solutions	that	
have	been	designed	to	support	collaboration	in	healthcare.	














quality,	 patient-centered	 care"	 [26:18].	 Together	 with	 this	 vision	 of	 the	 physician	 acting	 as	 a	
collaborator,	the	concept	of	"interdisciplinary	team"	also	emerged,	as	well	as	studies	on	how	such	teams	
function	 [39].	 The	 centrality	 of	 collaboration	 in	 healthcare	 is	 also	 demonstrated	 by	 the	 interest	 in	
measuring	it:	In	the	USA	for	instance,	an	"Index	of	Interdisciplinary	Collaboration"	(IIC)	has	been	defined	
to	measure	 the	 perceived	 collaboration	 among	 social	workers	 [13]	 and	 has	 since	 been	 adapted	 for	
collaboration	among	health	professionals	[39].	This	has	resulted	in	the	identification	of	the	following	
factors	 of	 a	 successful	 collaboration:	 interdependence	between	 team	members,	 the	 flexibility	 of	 job	
responsibilities,	 newly	 created	 professional	 activities	 (resulting	 from	 the	 collaboration),	 collective	
ownership	of	goals,	and	reflections	on	the	process.		
However,	this	institutionalized	vision	of	collaboration	may	not	be	sufficient	to	tackle	the	problem	of	
collaborative	 care	 delivery.	 In	 fact,	 as	 Paradis	 et	 al.	 [40]	 have	 shown	 in	 their	 study	 of	 50	 years	 on	
interprofessional	collaboration	in	medical	education,	two	important	characteristics	of	collaboration	are	




care	 plan	 and	 supported	 by	 federal	 agencies	 or	 care	 facilities,	 to	 situations	 in	 which	 they	 are	 less	
explicitly	envisioned	and	just	emerge	spontaneously,	as	health	professionals	need	to	coordinate	their	
work	 and	 communicate	 about	 patients.	 Using	 socio-technical	 systems	 theory,	 Pless	 et	 al.	 [43]	 have	
compared	 several	 multidisciplinary	 teams	 from	 four	 multiple	 sclerosis	 hospitals	 in	 Belgium,	 and	







little	continuity.	 "Teamwork	described	typically	 in	 terms	of	content	and	rules	(how	things	are	done,	
habitually)	 must	 now	 be	 described	 in	 terms	 of	 process	 and	 accountability	 (why	 things	 are	 done,	
adaptively).	 Such	 team	 process	 has	 been	 described	 as	 teaming,	 negotiated	 knotworking,	 and	





participants	where	 control	 is	distributed.	 Indeed,	knotworking	has	been	 suggested	by	 several	other	





and	 had	 a	 different	 way	 of	 organizing	 work	 than	 the	 prevalent	 'command	 and	 control'	 model	 of	
hierarchical	organizations.	In	this	new	way	of	working,	there	is	plenty	of	coordination,	but	the	number	
and	changing	institutions	and	people	make	it	difficult	to	“...	name	a	stable	locus	of	control.	The	center	
does	 not	 hold”;	 “in	 each	 individual	 patient	 case,	 the	 combination	 of	 institutions,	 specialties,	 and	
practitioners	involved	in	the	delivery	of	care	is	different,	and	it	is	seldom	possible	to	name	a	stable	locus	
of	control.”	[24].		
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In	knotworking,	collaboration	occurs	in	episodes	depending	on	the	requirements	of	the	particular,	
current	 situation.	 People	 involved	 in	 a	 knotworking	 process	 create	 and	 take	 part	 in	 improvised	
collaboration	groups	—called	knots—	in	which	otherwise	loosely	connected	actors	come	together	[42].	
A	knot	does	not	 fit	 the	 traditional	definition	of	 a	 team,	which	 is	 typically	understood	 to	be	a	 stable	
configuration,	 nor	 does	 it	 resemble	 the	 kind	 of	 pre-existing	 networks	 that	 workers	 might	 exploit.	
Knotworking	 represents	 an	 object-focused,	 situation	 directed,	 and	 highly	 distributed	 activity.	 Such	
collaborative	work	does	not	offer	a	central	coordinator	or	locus	of	control,	nor	can	it	assume	an	"additive	
sum	of	the	separate	perspectives	of	individuals	or	institutions"	[22:972].	Instead,	in	knotworking,	"...the	
unstable	 knot	 itself	 needs	 to	 be	made	 the	 focus	 of	 analysis."	 [22:972].	 Thus,	 knotworking	depicts	 a	
process	in	which	temporary,	ad-hoc	collaborations	-	‘knots’	-	are	formed,	dissolved,	and	re-formed	as	
the	objective	 is	constantly	"reconfigured".	A	 ‘knot’	–	 like	knotworking	 -	 is	an	analytical	concept	 that	
designates	 a	 temporary	 configuration	 of	 people	 (group)	 who	 engage	 in	 contingent	 collaborative	
processes.	 As	 an	 analytical	 concept,	 knotworking	 starts	 and	 ends	when,	 from	 an	 emic	 perspective,	




knotworking	 is	a	 specific	kind	of	work	requiring	an	extensive	amount	of	 ‘articulation	work’	 [46].	 In	
stable	 work	 forms,	 some	 articulation	 work	 might	 be	 turned	 into	 routines	 (or	 be	 described	 in	 a	
procedure),	 reducing	 collaboration	 costs.	 In	 knotworking,	 this	may	 be	 difficult	 because	 the	 specific	
event	has	not	been	encountered	before	or	because	 the	 collaborative	partners	 change	 from	event	 to	
event.	Even	if	one	or	more	partners	have	encountered	something	similar	before,	there	are	others	for	
whom	this	is	new.	Knotworking	is	contingent	and	temporary,	which	makes	it	difficult	to	be	articulated	
through	 routines	 and	 procedures.	 As	 Strauss	 (1993)	 explains,	 the	 latter	 is	 a	 general	 aspect	 of	 any	








In	 their	work,	Engeström	and	colleagues	 can	be	 said	 to	use	 the	 concept	of	knotworking	 in	 three	
different	 ways:	 As	 a	 general	 historical	 trend	 since	 the	 turn	 of	 the	 century	 in	 how	 collaboration	 is	
structured	and	plays	out	relating	to	changes	in	work	and	organizations	[24].	As	an	analytical	concept	
through	which	specific	cases	of	collaboration	can	be	analyzed,	as	 in	 the	case	of	a	children's	hospital	







analyses.	 In	 his	 study	 of	 a	 children's	 hospital	 aimed	 at	 initiating	 a	 collaborative	 effort	 to	 lower	 the	
burden	 of	 children	 and	 their	 families	when	 navigating	 between	 different	 caregivers'	 organizations,	
Engeström	analyzed	how	parents	 and	practitioners	 (belonging	 to	 different	 caregiver	 organizations)	
collaborate	to	plan	and	monitor	children’s	trajectories	of	care,	and	to	share	responsibility	for	the	overall	
progress	[23].	In	the	paper,	he	characterized	knotworking	as	a	"new	kind	of	collaborative	care	in	which	
no	 single	 party	 has	 a	 permanent	 dominating	 position	 and	 in	 which	 no	 party	 can	 evade	 taking	











service,	 they	 described	 knotworking	 as	 a	 "fluid,	 horizontal	 web	 of	 symbiotic	 transactions	 and	
translations	in	the	transplantation	team	that	are	neither	readily	bounded	not	entirely	elusive.	This	web	











longer	 and	 consists	 in	 information	 sharing	 and	 inquiry	 that	 often	 result	 in	 shared	decision	making.	
Rapid	 knotworking,	 though	 necessary	 in	 life-threatening	 situations,	 may,	 in	 the	 long	 term,	 hinder	
interprofessional	 care;	 only	 the	 nurses	who	 are	 the	 initiators	 of	 the	 rapid	 knotworking	 retain	 "the	
essence	of	the	knot"	for	further	related	knots,	while	the	other	collaborators	do	not	have	this	knowledge.	





are	 lacking.	Despite	 the	 concept's	 origin	 in	Engeström	and	 colleagues'	 projects	 in	 and	 theorizing	 of	




2.3. Computer-support for ad-hoc collaboration in health care  
CSCW	and	medical	informatics	researchers	have	widely	addressed	the	issue	of	how	to	design	supporting	










1. Activity	 awareness,	 or	 rationale	 in	 context:	 Care	 actors	 need	 a	 core	 narrative	 more	 than	
information	filed	in	bureaucratic	forms	[21,41].	












European	 countries.	 As	 stated,	 we	 mobilize	 the	 concept	 of	 knotworking	 to	 analyze	 these	 work	
arrangements	that	become	increasingly	temporary	and	shifting.	Further,	through	a	comparison	of	the	
two	 proposed	 design	 solutions,	 we	 outline	 design	 guidelines	 for	 this	 kind	 of	 shifting	 and	 unstable	
cooperative	work.	The	cases	are	from	two	European	welfare	states,	with	universal	healthcare,	which	of	
course	have	cultural	and	regulatory	differences.	However,	when	conducting	our	analysis,	we	focused	on	
the	 collaborative	 practices	 and	 the	 way	 IT	 solutions	 have	 been	 designed	 to	 support	 them	without	
looking	at	the	cultural	or	regulation	differences.	In	fact,	regulations	of	healthcare	did	not	emerge	as	an	
issue	in	the	analysis	of	their	collaborative	work.	





















staff	 also	handles	much	 coordination	with	 the	hospital,	 each	person's	 general	practitioner	 (GP),	 the	
municipality,	 taxi	 companies,	 pharmacies,	 and	 relatives.	 A	 lack	 of	 tools	 to	 support	 the	 needed	
collaboration	between	different	people	and	organizations	challenge	care	on	a	daily	basis.	









about	 the	project	and	 its	overall	 scope.	All	 signed	an	 informed	consent-form.	The	care	staff	and	 the	

















trying	 to	 get	 hold	 of	 people	 over	 the	 telephone.	 Based	 on	 the	 findings	 and	 the	 project’s	 focus	 on	
supporting	collaborative	work	with	external	stakeholders,	the	final	two	workshops	investigated	design	
opportunities	and	how	to	improve	external	collaborative	work,	including	investigating	design	strategies	














Project	 participants:	 CareFacility	 care	 staff;	 CareFacility	 management,	 municipality,	 a	 private	
healthcare	IT	company,	Author	2,	Author	3.	
	
3.3. Collaboration at the CareFacility 
During	the	study,	we	learned	that	the	CareFacility	collaborates	with,	and	depends	on,	many	external	
stakeholders.	Each	patient's	trajectory	is	different	and	requires	its	own	set	of	actions	to	ensure	a	positive	








place	 more	 often	 compared	 with	 other	 activities.	 Likewise,	 some	 of	 the	 external	 actors	 are	 more	







the	 patients'	 relatives,	 but	 these	 relatives	 are	 different	 for	 each	 patient.	 So,	 while	 they	 frequently	
collaborate	with	the	role	of	'relatives',	they	always	encounter	new	people	in	that	role.		
To	 support	 a	 positive	 care	 trajectory,	 different	 actors	 must	 hence	 collaborate,	 even	 if	 a	
(well)established	relation	does	not	exist	beforehand.	These	types	of	collaboration	are	created	as	a	result	
of	one	or	more	actors'	emergent	needs	where	people	collaborate	for	a	brief	time	period	(the	length	of	a	
few	 telephone	 calls	 or	 up	 to	 a	 few	 days)	 to	 handle	 a	 specific	 issue.	Most	 needs	 originate	 from	 the	
activities	 at	 the	 CareFacility,	 but	 not	 all.	 It	 may	 be	 a	 hospital	 that	 contacts	 the	 CareFacility,	 the	








































calendar-type	 functionality.	 The	 current	 overview	 also	 only	 supports	 local	 work	 as	 the	 traditional	
whiteboard	cannot	be	accessed	remotely.		The	new	timeline-based	design	is	built	around	a	large	touch-
based	 screen	 (see	Figure	2).	The	 interface	 is	divided	 into	 four	main	parts;	 (Left)	The	 current	 list	of	
patients,	(Middle)	The	actual	timeline	of	a	patient	and	its	elements,	(Top)	Collaborative	tools	plug-ins,	






Each	 patient	 starts	 with	 an	 empty	 timeline	 in	 the	middle	 of	 the	 large	 screen.	 The	 staff	 can	 put	
different	activities	on	the	timeline,	like	visits	to	the	hospital,	rehabilitation,	to	verify	a	medication	list	














private	 view	 allows	 the	GP	 to	 see	 some	 elements	 on	 the	 timeline,	 and	 then	 to	 understand	how	 the	
verification	of	the	medication	list	affects	other	activities	at	the	CareFacility	or	even	other	partners	that	
may	be	involved	in	the	process.	The	integration	of	different	communication	tools	from	the	top	part	of	




4. CASE 2: HOMECAREALLIANCE IN FRANCE 
The	 HomeCareAlliance	 is	 a	 local	 association	 in	 a	 middle-sized	 city	 of	 France	 that	 gathers	 health	
professionals	 and	 professional	 caregivers	with	 private	 practice.	 The	members	 of	HomeCareAlliance	
work	together	with	the	explicit	aim	to	preserve	the	quality	of	life	of	patients	at	home.	We	conducted	a	


















dedicated	 care	 plan.	 This	 is	 also	 the	 occasion	 to	 introduce	 a	 paper-based	 notebook	 called	 "liaison	

























were	 arranged	 on	 a	 board	 and	 guided	 the	 design	 of	 the	 prototype.	 At	 the	 second	 workshop,	 we	
presented	 a	 prototype	 of	 the	 application	 using	 scenarios.	 Participants	 worked	 with	 the	 prototype	
installed	 on	 PC	 tablets	 and	 gave	 us	 feedback	 that	 guided	 our	 first	 version	 of	 the	 application.	 The	



























































the	 association,	 they	 have	 difficulties	 in	 establishing	 collaboration.	 Indeed,	 integrated	 care	 and	
collaboration	in	the	context	of	home	care	represents	a	shift	of	practices	in	France	[15].	The	founders	of	
the	 association	 contacted	 us	 (the	 university)	 to	 help	 them	 find	 a	 way	 to	 make	 their	 collaborative	
practices	more	sustainable,	and	to	convince	more	professionals	to	join	and	work	in	this	collaborative	
way.		
4.4. Design solution 
The	paper-based	notebook's	actual	use	is	not	sufficient	in	a	context	where	new	care	actors	might	join	
the	 care	 group,	 as	mentioned.	 The	 liaison	notebook's	 role	 from	 the	HomeCareAlliance	 goes	 beyond	
documenting	 individual	care	actors'	work	and	aims	to	enable	communication	and	discussion	among	
care	actors.	However,	this	feature	is	not	easily	detectable	for	new	care	actors.	













The patient’s profile 
 




















their	GP	 created	a	profile.	Many	 care	 actors	 created	 their	profiles	 and	 started	using	 the	 application	
without	our	help.	The	different	 actors	 exchanged	messages	about	 the	patient's	 situation,	 their	daily	
tasks,	asked	questions,	and	addressed	issues	beyond	the	medical	condition	of	the	patient.	For	example,	
a	 family	member	 and	 the	home-helper	 exchanged	messages	 about	 a	problem	with	water	 leaking	 in	
through	the	house's	exterior	door.		
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5. KNOTWORKING – A USEFUL ANALYTICAL CONCEPT FOR COLLABORATIVE 






where	 boundaries	 are	 drawn	 for	 a	 time,	 rather	 than	 permanently"	 [8:535].	 Thus,	 knotworking	
represents	a	way	of	re-organizing	the	work	collectively	that	emerges	in	a	cooperative	ensemble	which	
participants	work	relatively	loosely	around	an	evolving	object.	Hence,	cooperation	happens	between	
semi-autonomous	 entities	 (organizations	 or	 persons)	 which	 may	 not	 be	 used	 to	 cooperate,	 yet,	 in	
certain	cases	their	cooperation	might	be	the	only	way	to	overcome	critical	situation.	What	characterizes	




















receivers,	 relatives	 and	 municipality	 social	 workers	 often	 have	 to	 cooperate	 and	 find	 solutions	 to	





As	 we	 can	 see	 in	 these	 examples	 in	 our	 two	 cases,	 such	 collaboration	 involves	 considerable	
communicative	and	coordinative	challenges,	which	raises	the	question	as	to	how	those	can	be	met.	We	
have	 already	 suggested	 two	different	 design	 solutions	 developed	 through	 co-design	practices	much	
alike	 the	 third	meaning	 of	 knotworking	 as	 an	 innovation	method	 (See	 section	2.2),	 but	we	will	 not	
further	discuss	that	aspect,	since	our	focus	in	this	paper	is	to	develop	general	design	guidelines:	We	find	















As	 previously	 mentioned,	 the	 knotworking	 concept	 emerged	 out	 of	 Engeström	 and	 colleagues'	
collaboration	with	 a	 children's'	 hospital,	where	 gaps	 and	 discoordination	 of	 care	 for	 children	were	
recurring	 challenges.	Through	workshops	with	healthcare	 staff,	 parents,	 and	 researchers,	 a	 fourfold	
solution	was	proposed:	The	appointment	of	a	coordinator,	the	draft	of	a	written	care	agreement	as	to	
which	actor	was	responsible	for	what;	confirmation	of	the	care	agreement	through	negotiation	with	all	
involved	actors	(including	the	parents);	and,	 finally,	automatic	 feedback	 in	the	form	of	a	copy	of	 the	
patient's	(i.e.,	child's)	care	record	to	all	stakeholders	of	the	care	agreement	after	each	visit	[24].	We	will	
not	go	 further	 into	detail	with	 the	case	here,	but	we	note	 that	 the	solution	consists	of	 the	 following	
ingredients:	creating	a	fixed	work	role	to	whom	overall	responsibility	for	the	care	trajectory	is	assigned	
(the	 coordinator);	 an	 agreed-upon	division	of	work;	 and	 automatic	update	of	 information	 to	 all	 the	
stakeholders.	Also	notable	is	that	the	knotworking	challenges	could	be	resolved	with	a	stable,	long-term	
solution.	 To	 a	 large	 extent,	 this	 is	 probably	 contingent	 on	 the	 involvement	 only	 of	 one,	 stable	






such	 a	 role	may	have	 specific	 authority	 in	 the	 actual	 CareFacility	 organization,	 but	 seldom	 in	 other	




Automatic	 updating	 information	 for	 all	 the	 stakeholders	 is	 not	 possible,	 because	 of	 the	 variety	 of	
changing	 collaborators	 (taxi	 schedule	 and	 driver;	 medication	 prescription,	 etc.)	 and	 different	
communication	systems	(hospital	EHR,	GP	EHR,	taxi	booking	system,	etc.).	Thus,	the	design	solutions	
need	to	be	–	and	are	in	our	two	cases	-	open	to	knotworking	instances	that	are	cross-organizational,	




particularly	 challenging	 when	 designing	 technology	 support:	 1)	 collaboration	 happens	 between	 a	
dynamic	 number	 of	 actors	 (who	 are	 usually	 loosely	 connected),	 2)	 the	 collaboration	 happens	 in	
episodes,	and,	3)	cooperative	work	arrangements	are	constantly	negotiated.		






safely.	 Here,	 the	 CareFacility	 takes	 the	 role	 of	 the	 initiator	 and	 the	 coordinator	 of	 the	 knot.	 As	 an	
organization,	it	can	influence	or	enforce	a	way	of	doing	the	work,	or	the	type	of	activities	to	negotiate	or	
achieve	 (see	 Figure	 2).	 At	 other	 times,	 for	 example,	 in	 the	 admission	 of	 a	 new	 patient,	 the	 knot	 is	













of	 the	 same	 patient,	 but	 as	 independent	 professionals,	 they	 do	 not	 belong	 to	 any	 organization	 that	
coordinates	and	plans	their	possible	collaborative	work	"around"	a	patient.	They	do	not	belong	to	any	
predefined	(multidisciplinary)	team.	However,	when	a	patient's	situation	requires	the	collaboration	of	
several	 care	 actors,	 they	 adjust	 their	 work.	 For	 example,	 when	 a	 patient	 gets	 discharged	 from	 the	
hospital	and	needs	a	follow-up	care-plan	at	home,	a	nurse	or	the	patient's	GP	can	initiate	a	knot,	inviting	














5.3. Collaboration in and around a knot occurs in episodes 
Looking	at	our	two	cases,	we	have	identified	that	collaboration	in	and	around	the	formation	of	a	knot	
has	an	episodic	rhythm	and	can	be	divided	into	two	types	of	knots:	Predictable	and	unpredictable.	What	




















After	the	formation	of	a	 first	knot,	 there	may	be	some	episodes	that	can	be	anticipated	as	when,	 for	
example,	a	patient	has	a	planned	surgical	intervention	or	chemotherapy:	Here,	the	actors	can	anticipate	
a	knot	for	preparing	the	care	after	the	medical	event.	To	sum-up,	whereas	at	the	CareFacility,	much	can	
happen,	 but	 the	 admitted	 patient	will	 follow	 a	 trajectory	with	 some	 known	 activities	 (at	minimum	
admittance,	stay	and	discharge),	in	the	HomeCareAlliance,	most	episodes	cannot	be	envisioned,	or	they	
cannot	be	easily	identified	before	they	emerge.		
5.4. Work arrangements in a knot are constantly negotiated  













CareFacility	 is	an	organization	that	 'owns'	many	of	the	processes,	 they	can	integrate	 into	their	work	
practices	some	cooperative	work	arrangements	that	might	be	opened	for	future	knots.	The	application	
designed	 for	 the	 CareFacility	 suggests	 one	 way	 to	 support	 this	 computationally.	 In	 this	 case,	 the	
cooperative	 work	 arrangement	 is	 partially	 shaped	 by	 the	 experience	 and	 the	 routines	 of	 the	
organization.	 With	 the	 HomeCareAlliance,	 members	 of	 a	 knot	 are	 individual	 professionals	 who	 do	
mobilize	 their	 professional	 network	 but	 do	 not	 formalize	 cooperative	 work	 arrangements.	 Thus,	
whenever	 they	 come	 together	 to	 form	 a	 knot,	 they	 have	 to	 negotiate	 the	 cooperative	 work	
arrangements.	For	example,	a	patient	who	begins	to	suffer	from	diabetes	after	a	cortisone	treatment	has	




well	as	 the	 type	of	participants	 (individuals,	or	organization).	 In	both	cases,	 the	knots	often	 involve	
actors	that	do	not	share	a	common	or	aligned	work	rhythm.	As	a	result,	work	arrangements	and	knot	
participation	are	commonly	negotiated	and	renegotiated	during	a	knot's	lifespan.	
Summarizing	 the	 above	 subsections,	 we	 can	 say	 that	 complex	 knotworking	 involves	 a	 dynamic	
number	 of	 collaborators,	 a	 multiplicity	 of	 different	 knots,	 episodic	 instances	 of	 predictable	 and	
unpredictable	knotworking,	and	constant	negotiation	of	how	to	cooperate	and	communicate	to	solve	
the	challenge	at	hand.	We	argue	that	these	characteristics	of	complex	knotworking	must	be	considered	
when	 designing	 supporting	 information	 technology	 and	 we	 base	 the	 development	 of	 our	 design	
guidelines	on	those	three	characteristics	in	the	following	comparison	of	the	two	design	solutions.		
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discussion	 leads	 us	 to	 identify	 general	 guidelines	 to	 design	 information	 technology	 to	 support	
knotworking.	
6.1. A dynamic number of known and unknown actors 













the	 security	 in	 Case	 1	 is	 mainly	 based	 on	 login-based	 access-	 and	 role-control	 managed	 by	 the	
CareFacility,	whereas	in	Case	2,	security	is	mainly	based	on	physical	proximity	and	access	to	the	device.	
While	we	do	not	make	 claims	on	whether	 our	discussed	 system	designs	 implement	 state-of-the-art	







through	 any	device	 In	HomeCareAlliance,	 the	device	 remains	with	 the	patient,	 but	 anyone	who	has	
access	to	the	device	can	access	the	system.	Here,	balances	of	advantages	and	disadvantages	are	obvious:	
The	former	solution	of	the	CareFacility	requires	a	more	complicated	technical	setup	that	allows	multiple	







structured	or	 formalized,	 but	 in	 an	open	 format	 accessible	 and	understandable	 to	most	people.	 For	
entering	information,	the	CareFacility	system	incorporates	communication	devices	and	formats	such	as	
SMS	and	email,	and	the	solution	in	HomeCareAlliance	basically	operates	as	a	free	text	communication	
device	where	 anyone	 can	 enter	 information	without	 any	predefined	 format.	 In	 both	 cases,	 the	 only	
structuring	principle	for	presenting	information	is	chronology	in	order	to	enable	actors	to	establish	a	




6.2. Episodes are unpredictable	












The	 fact	 that	 episodes	 are	 unpredictable,	 and	 actors	 potentially	 work	 in	 different	 organizations	
means	 that	 collaborators	 often	will	 have	 to	 interact	 at	 different	 rhythms.	When	 an	 episode	 occurs,	
communicating	synchronously,	and	sharing	information	about	the	patient's	trajectory	among	collocated	
actors	 may	 be	 needed,	 whereas	 when	 the	 patient	 is	 stabilized,	 asynchronous	 communication	 and	
information	sharing	between	distributed	actors	may	be	sufficient	to	take	care	of	the	patient	and	to	be	
ready	to	identify	the	next	episode.	Therefore,	the	two	design	solutions	offer	a	place	to	enter,	store,	and	


























is	 trust	 between	 actors	 as	well	 as	 the	 accuracy	 and	 legitimacy	of	 the	 information.	 In	Case	1,	 this	 is	
ensured	 by	 the	 CareFacility,	 since	 they	 have	 the	 overall	 view	 of	 what	 is	 going	 on,	 which	 actors	
participate,	and	control	access	as	well	as	who	may	see	what.	Actions	and	information	can	be	attributed	





trusting	 this	person	 to	assess	patient	 status	and	prescribe	 treatment	correctly.	Hence,	an	additional	
layer	of	trust	and	legitimacy	has	to	be	built.	One	way	to	this	is	by	making	actors	identifiable	through	
name,	title,	photo,	and	contact	information.	Therefore,	the	sixth	generic	design	guideline	is	to:		




three	 characteristics	 of	 knotworking,	we	have	 identified	 six	 generic	 design	 guidelines	 for	 designing	
information	 technology	 for	 knotworking.	 They	 address	 how	 information	 should	 be	 accessed	 and	
structured	 and	 how	 to	 handle	 the	 diversity	 of	 collaborators.	 (Table	 3).	 The	 two	 rightmost	 columns	














Adopt	 an	 open	 design	 to	 accommodate	 the	
evolving	 and	 diverse	 actors,	 who	 are	 possibly	
located	at	different	places,	or	nomadic.		
	 X	
Provide	 an	 open	 format	 accessible	 and	























in	healthcare,	as	presented	 in	section	2.3,	 focus	on	the	patient	health	record	and	how	to	 improve	 it,	
whereas	we	embrace	a	wider	solution-space.	Indeed,	the	design	guidelines	we	suggest	contribute	to	the	
ongoing	questioning	of	 the	pertinence	of	 the	 traditional	 client-server	architectures,	on	which	health	
records	are	built,	to	face	modern	clinical	work	(characterized	as	highly	collaborative,	ad	hoc,	nomadic,	


















entered	 into	 the	binder,	or	 if	 something	urgent	has	 to	be	done,	 then	 the	 related	LED	signals	 it.	The	
CareBinder	supports	asynchronous	information	sharing,	awareness	of	the	other	actors	and	their	entries	
in	 the	binder	utilizing	an	open	 format	accessible	 to	most	people	with	physical	 access	 to	 the	binder.	
PressToTalk	 [16]	 is	 an	audio-recording	messages-service	 to	 support	 collaboration	around	homecare	
activities.	The	system	allows	different	actors	to	exchange	messages	on-location.	It	is	based	on	a	modular	
architecture	where	each	recurrent	actor	can	have	her	or	his	own	module	connected	to	the	system,	which	
supports	 role-based	 notification	 of	 new	messages.	Messages	 can	 be	 accessed	 and	 acknowledged	 by	




system	 [11],	 is	 a	 tablet-based	 homecare	 coordination	 system	 placed	 in	 the	 care-receiver's	 home.	 It	
provides	access	to	a	shared	calendar-view	of	the	care	tasks	and	enables	family	members	and	home	care	
workers	to	exchange	messages	pertaining	to	the	care	of	the	patient	as	well	as	scheduling	new	care	tasks.	
The	 system	 can	 also	 be	 accessed	 by	 relatives	 when	 in	 their	 own	 homes.	 The	 tablet-based	 system	
provides	flexible	access	to	information.	Being	based	on	a	tablet	and	calendar-based	design,	the	system	
is	 accessible	 to	 the	 involved	 actors	 and	 hence	 supports	 commitment	 in	 knotworking.	 The	 design	






Regarding	 the	design	guideline	on	 trust-building,	 this	 is	aligned	with	 the	work	of	Corbett	and	Le	
Dantec's	work	on	trust	in	civic	relations	where	they	distinguish	between	two	layers:	institutional	and	
interpersonal	trust	[18].	First,	citizens	and	patients	trust	the	CareFacility	or	their	GP	as	they	belong	to	
the	 institution	 of	 healthcare	 (first	 layer),	 and	 then,	 other	 care	 actors	 build	 interpersonal	 trust	 by	
identifying	who	they	are	and	by	interacting	with	each	other	(second	layer).	This	design	guideline	also	




layer	 of	 trust).	 Moreover,	 Moser,	 Resnick,	 &	 Schoenebeck	 [38]	 also	 identified	 the	 visibility	 of	
transactions	 as	 another	 important	 factor	 to	 ensure	 trust,	which	 confirms	our	design	guidelines	 at	 a	


























Stakeholder	 Role	 Objectives		 Incentives	 Potential	conflicts	









































The	 audience	 for	 the	 above	 design	 guidelines	 goes	 beyond	 the	 often-involved	 parties	 in	 IT	
development	 projects.	 Complex	 knotworking	 requires	 to	 think	 about	 flexibility	 and	 long-term	
sustainability	of	IT	systems	that	adapt	to	the	evolution	of	their	core	users	and	their	work	practices	while	
facilitating	 the	 integration	 of	more	 ad	 hoc	 users.	 Indeed,	 as	we	 have	 argued,	 complex	 knotworking	











government	 funded,	 universal	 healthcare	 systems,	which	means	 (mainly)	 free	 of	 charge	 healthcare	
services.	While	 there	are	similarities	 there	are	also	differences;	 the	CareFacility	 is	part	of	 the	public	
healthcare,	whereas	the	HomeCareAlliance	gathers	actors	with	private	practices.	In	both	cases,	finding	























of	 temporary,	 episodic	 collaboration	 between	 a	 dynamic	 number	 of	 actors.	We	 assume	 this	 kind	 of	
collaboration	will	be	more	and	more	widespread	in	healthcare	in	conjunction	with	efforts	to	integrate	
healthcare	 services	 more	 and	 better	 across	 domains	 and	 settings,	 which	 will	 require	 addressing	
complex	knotworking.		
We	have	strived	to	show	the	strength	of	 the	knotworking	concept	by	applying	 it	 to	two	different	
cases	 in	 two	 different	 countries	 and	 conducting	 a	 comparative	 analysis.	 Further,	 the	 comparative	
discussion	 of	 the	 two	 design	 solutions	 has	 created	 a	 better	 understanding	 of	 how	 to	 support	


















[1]	 Khuloud	 Abou	 Amsha	 and	 Myriam	 Lewkowicz.	 2015.	 CARE:	 An	 Application	 to	 Support	 the	 Collective	
Management	 of	 Patients	 at	 Home.	 In	 2015	 International	 Conference	 on	 Computational	 Science	 and	
Computational	Intelligence	(CSCI),	743–748.	DOI:https://doi.org/10.1109/CSCI.2015.22	
39:24  Abou Amsha et al. 
ACM	CSCW	2021	Submission	
[2]	 Khuloud	Abou	Amsha	and	Myriam	Lewkowicz.	2018.	Chapter	3	 -	Supporting	Collaboration	 to	Preserve	 the	




and	 opportunities	 for	 collaboration	 technologies	 for	 chronic	 care	 management.	 Hum.-Comput.	 Interact.	
Consort.	HCIC	2006	(2006).	





[6]	 Valérie	Benard,	Myriam	Lewkowicz,	 and	Manuel	 Zacklad.	 2006.	Beyond	Electronic	 Patient’s	 File:	Assisting	
Conversations	in	a	Healthcare	Network.	In	Proceedings	of	the	2006	Conference	on	Cooperative	Systems	Design:	
Seamless	Integration	of	Artifacts	and	Conversations	–	Enhanced	Concepts	of	Infrastructure	for	Communication,	

















Use.	 In	 Proceedings	 of	 the	 18th	 ACM	 Conference	 on	 Computer	 Supported	 Cooperative	 Work	 &#38;	 Social	


















[19]	 Angela	Di	Fiore,	 Francesco	Ceschel,	 Leysan	Nurgalieva,	Maurizio	Marchese,	 and	Fabio	Casati.	 2017.	Design	
Considerations	to	Support	Nursing	Homes’	Communities.	In	Proceedings	of	the	8th	International	Conference	on	
Communities	 and	 Technologies	 (C&T	 ’17),	 ACM,	 New	 York,	 NY,	 USA,	 64–67.	
DOI:https://doi.org/10.1145/3083671.3083695	







[21]	 Pieter	 Duysburgh	 and	 An	 Jacobs.	 2010.	 Collaboration	 through	 ICT	 between	Healthcare	 Professionals:	 The	
Social	Requirements	of	Health	2.0	Applications.	 In	Electronic	Healthcare	 (Lecture	Notes	of	 the	 Institute	 for	









[25]	 Yrjö	 Engeström,	 Heli	 Kaatrakoski,	 Pälvi	 Kaiponen,	 Johanna	 Lahikainen,	 Anne	 Laitinen,	 Heli	Myllys,	 Juhana	






supported	 cooperative	 work	 (CSCW	 ’04),	 ACM,	 New	 York,	 NY,	 USA,	 142–151.	
DOI:https://doi.org/10.1145/1031607.1031632	
[28]	 Heshmatolah	 Heydari,	 Hooman	 Shahsavari,	 Abdolrahim	 Hazini,	 and	 Alireza	 Nikbakht	 Nasrabadi.	 2016.	
Exploring	 the	 Barriers	 of	 Home	 Care	 Services	 in	 Iran:	 A	 Qualitative	 Study.	 Scientifica	 2016,	 (2016),	 1–6.	
DOI:https://doi.org/10.1155/2016/2056470	
[29]	 Christina	Hurlock-Chorostecki,	Mary	van	Soeren,	Kathleen	MacMillan,	Souraya	Sidani,	Faith	Donald,	and	Scott	







In	 Precarious	 Work.	 Emerald	 Publishing	 Limited,	 1–30.	 DOI:https://doi.org/10.1108/S0277-
283320170000031017	
[33]	 Bridget	Kane	and	Saturnino	Luz.	2006.	Multidisciplinary	Medical	Team	Meetings:	An	Analysis	of	Collaborative	









[37]	 Johanna	 Meurer,	 Claudia	 Müller,	 Carla	 Simone,	 Ina	 Wagner,	 and	 Volker	 Wulf.	 2018.	 Designing	 for	




Systems	 	 -	 CHI	 ’17,	 ACM	 Press,	 Denver,	 Colorado,	 USA,	 4344–4357.	
DOI:https://doi.org/10.1145/3025453.3025550	
[39]	 Debra	 Parker	 Oliver,	 Elaine	 M.	 Wittenberg-Lyles,	 and	 Michele	 Day.	 2007.	 Measuring	 interdisciplinary	




39:26  Abou Amsha et al. 
ACM	CSCW	2021	Submission	
872.	DOI:https://doi.org/10.1111/medu.13331	











[46]	 Tracy	 Smith-Carrier,	 Samir	 K.	 Sinha,	Mark	Nowaczynski,	 Sabrina	 Akhtar,	 Gayle	 Seddon,	 and	 Thuy-Nga	 Tia	
Pham.	2017.	It	“makes	you	feel	more	like	a	person	than	a	patient”:	patients’	experiences	receiving	home-based	
primary	 care	 (HBPC)	 in	 Ontario,	 Canada.	 Health	 Soc.	 Care	 Community	 25,	 2	 (2017),	 723–733.	
DOI:https://doi.org/10.1111/hsc.12362	
[47]	 Monica	 Tentori.	 2012.	 Pervasive	 Computing	 for	 Hospital,	 Chronic,	 and	 Preventive	 Care.	 Found.	 Trends®	
Human–Computer	Interact.	5,	1	(2012),	1–95.	DOI:https://doi.org/10.1561/1100000024	
[48]	 Gro-Hilde	Ulriksen,	Rune	Pedersen,	and	Gunnar	Ellingsen.	2017.	Infrastructuring	in	Healthcare	through	the	
OpenEHR	 Architecture.	 Comput.	 Support.	 Coop.	 Work	 26,	 1–2	 (April	 2017),	 33–69.	
DOI:https://doi.org/10.1007/s10606-017-9269-x	
[49]	 Elaine	 Wittenberg-Lyles,	 Debra	 Parker	 Oliver,	 George	 Demiris,	 and	 Paula	 Baldwin.	 2010.	 The	 ACTive	
Intervention	 in	 Hospice	 Interdisciplinary	 Team	 Meetings:	 Exploring	 Family	 Caregiver	 and	 Hospice	 Team	
Communication.	 J.	 Comput.-Mediat.	 Commun.	 15,	 3	 (April	 2010),	 465–481.	
DOI:https://doi.org/10.1111/j.1083-6101.2010.01502.x	
	
